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Abstract
Rare heavy flavor decays provide stringent tests of the Standard Model of particle physics and allow to test for
possible new Physics scenarios. The LHCb experiment at CERN is the ideal place for these searches as it has recorded
the worlds largest sample of beauty mesons. The status of the rare decay analyses with 1 fb−1 of
√
s = 7 TeV of pp–
collisions collected by the LHCb experiment in 2011 is reviewed. The worlds most precise measurements of the
angular structure of B0 → K∗0µ+µ− decays is discussed, as well as the isospin asymmetry measurement in B →
K(∗)µ+µ− decays. The most stringent upper exclusion limit on the branching fraction of B0s→ µ+µ− decays is shown,
as well as searches for lepton number and lepton flavor violating processes.
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1. Introduction
Rare processes which proceed via flavor changing
neutral currents (FCNC) are forbidden at tree level in
the Standard Model (SM). They can proceed via loop
level electroweak (Z0, γ) penguin or box diagrams. In
extensions to the SM, new virtual particles can enter at
loop level, modifying the amplitude of the process or
the Lorentz structure of the decay vertex. Possible devi-
ations from the SM predictions on branching fractions
or angular distributions could lead to the discovery of
physics beyond the SM.
This article reviews some of the most sensitive probes
for possible extensions of the Standard Model that were
measured by the LHCb collaboration with a dataset of
1 fb−1 of
√
s = 7 TeV of pp–collisions collected in
2011. An angular analysis of B0→ K∗0µ+µ− decays2 al-
lows a stringent test of the Lorentz structure of the elec-
troweak penguin process and is particularly sensitivity
to right-handed currents. The measurement of the decay
1On behalf of the LHCb collaboration
2In this proceedings, the inclusion of charge conjugate states are
implicit.
rate of B0s,d → µ+µ− decays are highly sensitive to scalar
and pseudoscalar currents, which are non-existent in the
SM. The article closes with a discussion of searches for
lepton number and lepton flavor violation and B-hadron
and τ±-lepton decays.
The rare decay processes presented here provide a
complementary approach to direct searches at the gen-
eral purpose detectors and can give sensitivity to new
particles at higher mass scales than those accessible di-
rectly.
2. Electroweak penguin decays
2.1. Angular analysis of B0→ K∗0µ+µ− decays
The decay B0→ K∗0µ+µ− allows the construction of
several observables with small hadronic uncertainties,
that are sensitive to physics beyond the Standard Model
(see [1, 2] and references therein). These observables
include [2, 3, 4, 5]
• AFB, the forward-backward asymmetry of the
dimuon system,
• FL, the fraction of K∗0 longitudinal polarization,
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• S 3, the transverse asymmetry, which is also often
referred to as 12 (1 − FL)A2T and
• S 9, a CP averaged quantity corresponding to the
imaginary component of the product of the longi-
tudinal and transverse amplitudes of the K∗0.
The LHCb collaboration performs an angular analy-
sis in bins of the squared dimuon invariant mass (q2) and
the three angles θl, θk and φ. θl is defined as the angle
between the µ+ and the B0 in the dimuon rest frame, θk
as angle between the kaon and the B0 in K∗0 rest frame
and φ as angle between the plane spanned by the dimuon
system and the K∗0 decay plane.
The differential branching ratio as a function of q2
is shown in Fig. 1, together with recent measurements
from other collaborations. The measurements from the
BABAR, Belle, CDF and LHCb collaborations are con-
sistent with each other. Measurements of the observ-
ables AFB, FL, S 3 and S 9 are shown in Fig. 2. These are
the most precise measurements of these observables and
no deviations from the SM predictions have been seen.
The zero-crossing point of AFB, q0, is a particu-
larly sensitive probe for NP and, as the form factor un-
certainties cancel at first order, it is theoretically very
clean. The LHCb collaboration has reported the worlds
first measurement as q0 = 4.9+1.1−1.3 GeV
2/c4, in good
agreement with the SM prediction. This measurement
strongly disfavours scenarios with a flipped sign of the
Wilson coefficient C7.
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Figure 2: Correlation for the branching fractions of the decays Bs → µ+µ− and Bd → µ+µ− for several models of PBSM.
Details on the models can be found in Ref. [17]. The recent upper limits by LHCb ar shown by the shaded region. Reproduced
from Ref. [18].
fraction of K∗ longitudinal polarization, FL, the transverse asymmetry, S3 [20] (often referred to as 12 (1−FL)A2T in
the literature [21]), and the CP averaged quantity S9 [22], proportional to the imaginary component of the product
of the transverse and longitudinal amplitude of the K∗0.
They can be extracted by performing an angular analysis as a function of the dimuon invariant mass squared, q2,
with respect to the following angles: the angle θl between the µ
+ (µ−) and the B0 (B
0
) in the dimuon rest frame; the
angle θK between the kaon and B
0 the K∗ rest frame; and the angle φ between the planes of the dimuon system
and the plane of the K∗. A formal definition of these angles can b f un in Ref. [23]. It should be noticed that the
definition of the angles varies in the literature. In particular, the sign of the φ angle in LHCb is opposite that of CDF
for the B
0
decay. Consequently in place of AIm [24] the angular distribution LHCb is sensitive to the CP-average
S9, whereas CDF is sensitive to the asymmetry A9 [20]. Recent measurements of these observables are shown in
Fig. 4. These measurements are dominated by LHCb results [26]. Measurements of the differential branching ratio
as function of q2 are shown in Fig. 3. They agree among each others and with SM predictions.
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Figure 3: dBF
dq2
measured by the experiments BaBar [25], Belle [27], CDF [28] and LHCb [26]. The comparison with the SM
prediction, taken from Ref. [22] is also shown. Reproduced from Ref. [26].
The point in q2 where AFB changes sign is a sensitive probe for NP and it is theoretically clean, since
form factor uncertainties cancel out at first order. The LHCb collaboration reported the world’s first mea-
surement of this observables, shown in Fig. 4. The measurement of the zero-crossing point is q20 =
4.9+1.1−1.3 GeV
2/c4, which is in agreement with SM predictions. This measurement strongly disfavours scenar-
ios with flipped C7 sign with respect to the SM, which early measurements of AFB seemed to be hinting to.
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Figure 1: Differential decay rate of B0 → K∗0µ+µ−, measured by
the BABAR [6], Belle [7], CDF [8] and LHCb [9] experiments. The
SM prediction, from Ref. [5], is also shown. Figure reproduced from
Ref. [9].
2.2. Isospin asymmetry in B→ K(∗)µ+µ−
The isospin asymmetry of the decays B→ K(∗)µ+µ−,
AI , is defined as
AI =
B(B0→ K(∗)0µ+µ−) − τ0
τ+
B(B+→ K(∗)+µ+µ−)
B(B0→ K(∗)0µ+µ−) + τ0
τ+
B(B+→ K(∗)+µ+µ−) ,
(1)
where τ0,+ is the lifetime of the B0 and B+ meson re-
spectively. For the B → K∗µ+µ− system, in the SM,
AI is predicted to be −0.01 [10] with a slight increase
at low values of q2. For the B → Kµ+µ− system, no
SM calculation of AI exists, but it is similarly expected
to be close to zero. The most precise measurement of
AI is performed by the LHCb collaboration [11], it is
shown in Fig. 3 together with previous measurements
of this quantity. All measurements are consistent with
each other an the B → K∗µ+µ− measurement is also
consistent with th SM prediction. The B → Kµ+µ−
measurements are consistent amongst the experiments
but are less consistent with the naive expectation that
AI = 0. The deviation from zero has a significance of
greater than four standard deviations [11].
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Figure 5: Isospin asymmetry for the decays B → K(∗)l+l−, measured by the experiments BaBar [25], Belle [27] (with electrons
and muons) , CDF [28] and LHCb [29] (with muons).
While no convincing sign of NP has been found yet in rare decays, these measurements are at the moment
statistically limited and the room for physics beyond the SM is still large. Future and more precise measurements
will be important to test SM predictions and understand the flavour structure of NP.
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Figure 5: Isospin asymmetry for the decays B → K(∗)l+l−, measured by the experiments BaBar [25], Belle [27] (with electrons
and muons) , CDF [28] and LHCb 29] (with muons).
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Figur 3: Isospin asymmetries for the decays B→ K(∗)`+`− measured
in the muonic channels by CDF [8] and LHCb [11] as well as in both
the electron and the muon channel by BABAR [6] and Belle [7]. Fig-
ure reproduced from Ref. [11].
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Figure 4: The AFB , FL, S3 and S9 measured by the experiments BaBar [25], Belle [27], CDF [28] and LHCb [26]. The
comparison with the SM prediction, taken from [22] is also shown. Reproduced from [26].
4. Isospin asymmetry in the decays B → K(∗)l+l−
The isospin asymmetry of the decays B → Kl+l− and B → K∗µ+µ− are defined as:
AI =
B(B0 → K(∗)0l+l−)− τ0τ+B(B± → K(∗)±l+l−)
B(B0 → K(∗)0l+l−) + τ0τ+B(B± → K(∗)±l+l−)
, (3)
where τ0,+ is the B
0,+ lifetime. In the SM this quantity is expected to be at percent level, slightly larger and positive
at very low q2. Measurements of this quantity have been performed by the BaBar [25] and Belle [27] experiments,
using electrons and muons and by CDF [28] and LHCb [29] , using muons. These results are shown in Fig. 5. All
the measurements are consistent with each other and they are consistent with SM predictions for the B → K∗l+l−
decays. For the B → Kl+l− decays the measurements are in agreement with each other but they show a tension
with respect to naive expectations. In particular the LHCb collaboration reported a deviation from zero at the level
of about 4 standard deviations [29]. At present there is no theoretical explanation for this large isospin asymmetry.
5. Conclusions
Measurements in flavour physics have a great track record in paving the way to big discoveries in particle physics.
Most NP scenarios predict deviation from SM expectations in rare B-meson decays. Sensitive probe for NP are the
leptonic decays Bs,d → µ+µ− and the rare semi-leptonic decays B → K∗l+l−. The most recent measurements of
the decays Bs,d → µ+µ− and the decay Bd → K∗µ+µ− are in good agreement with SM predictions and set strong
constraints for several NP models. The isospin asymmetry in the decays B → K(∗)l+l− has been measured by several
experiments. These measurements agree with each other and with SM predictions for the decays with a K∗, while
there is a significant tension with respect expectations for the decays with a kaon.
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Figure 2: The observables AFB, FL, S 3 and S 9 measured in B0 → K∗0µ+µ− decays by the BABAR [6], Belle [7], CDF [8] and LHCb [9]
experiments. The SM prediction, from Ref. [5], is also shown. Figure reproduced from Ref. [9].
3. Searches for very rare and forbidden decays
3.1. Search for an extended Higgs sector in B0s→ µ+µ−
Precise measurements of the branching fractions of
the two FCNC decays B0s → µ+µ− and B0→ µ+µ− be-
long to the most promising measurements for a possi-
ble discovery of a theory beyond the SM. These de-
cays are strongly suppressed by loop and helicity fac-
tors, making the SM branching fraction small [12]:
B(B0s → µ+µ−) = (3.23 ± 0.27) × 1 −9 and B(B0 →
µ+µ−) = (0.11 ± 0.01) × 10−9. Taking the finite width
difference of the B0s system into account, the time inte-
grated branching fraction is evaluated to be [13]
B(B0s→ µ+µ−)S M,〈t〉 = 3.4 × 10−9 . (2)
Enhancem nts of the decay rates of these decays are
predicted in a variety of different New Physics mod-
els, a summary is given in Ref. [14]. For example, in
the minimal supersymmetric Standard Model (MSSM),
the enhancement is proportional to tan6 β, where tan β
is the ratio of the vacuum expectation values of the two
Higgs fields. For large values of tan β, this search be-
longs to the most sensitive probes for physics beyond
the SM which can be performed at collider experiments.
A review of the experimental status of the searches for
B0s,d → µ+µ− can be found in [15].
The measurements presented here use 1 fb−1 of data
recorded by the LHCb experiment in 2011. Assuming
the SM branching ratio, about 12 (1.3) B0s (B
0) decays
are expected to be triggered, reconstructed and selected
in the analyzed dataset.
The first step of the analysis is a simple selection,
which removes the dominant part of the background and
keeps about 60% of the reconstructed signal events. As
second step, a preselection, based on a Boosted Deci-
sion Tree (BDT) reduces 80% of the remaining back-
ground while retaining 92% of the signal.
Each event is then given a probability to be signal
or background in a two-dimensional probability space
defined by the dimuon invariant mass and a multivari-
ate discriminant likelihood. This likelihood combines
J. Albrecht / Nuclear Physics B Proceedings Supplement 00 (2018) 1–6 4
kinematic and topological variables of the B0(s) decay
using a BDT. The BDT is defined and trained on simu-
lated events for both signal and background. The signal
BDT shape is then calibrated using decays of the type
B0(s) → h+h
′−, where h± represents a K± or pi±. These
decays have an identical topology to the signal. The in-
variant mass resolution is calibrated with an interpola-
tion of J/ψ, ψ(2S ) and Υ(1S ), Υ(2S ) and Υ(3S ) decays
to two muons. The background shapes are calibrated si-
multaneously in the mass and the BDT using the invari-
ant mass sidebands. This procedure ensures that even
though the BDT is defined using simulated events, the
result will not be biased by discrepancies between data
and simulation.
The number of expected signal events is evaluated by
normalizing with channels of known branching fraction.
Three independent channels are used: B+ → J/ψK+,
B0s → J/ψφ and B0 → K+pi−. The first two decays
have similar trigger and muon identification efficiency
to the signal but a different number of particles in the
final state, while the third channel has the same two-
body topology but is selected with a hadronic trigger.
The event selection for these channels is specifically
designed to be as close as possible to the signal selec-
tion. The ratios of reconstruction and selection efficien-
cies are estimated from the simulation, while the ratios
of trigger efficiencies on selected events are determined
from data The observed pattern of events in the high
BDT range is shown in Fig. 4 for B0s→ µ+µ− (top) and
B0→ µ+µ− (bottom). A moderate excess over the back-
ground expectations is seen in the B0s channel. This ex-
cess is consistent with the SM prediction. No excess is
seem in the B0 channel.
The compatibility of the observed distribution of
events with a given branching fraction hypothesis is
computed using the CLs method [16, 17]. The measured
upper limit for the branching ratio is at 95% confidence
level (CL)
B(B0s→ µ+µ−)LHCb < 4.5 × 10−9 and (3)
B(B0→ µ+µ−)LHCb < 1.0 × 10−9 , (4)
which are the worlds best upper exclusion limit on the
branching fraction of this decay. A combination [19]
of this measurement with the ATLAS and CMS upper
exclusion limits yields at 95% CL
B(B0s→ µ+µ−)LHC < 4.2 × 10−9 and (5)
B(B0→ µ+µ−)LHC < 0.8 × 10−9 , (6)
which is only a factor 20% above the SM prediction
given in Eq. 2. This puts tight constraints on various
extensions of the Standard Model, especially on super-
symmetric models at high values of tan β.
The CMS and LHCb collaborations have excellent
prospects to observe the decay B0s → µ+µ− with the
dataset collected in 2012. This observation, and the pre-
cision measurement of B(B0s → µ+µ−) in the coming
years will allow to put strong constraints on the scalar
sector of any extension of the Standard Model. The next
step will be to limit and then measure the ratio of the
decay rates of B0s → µ+µ−/B0→ µ+µ−, which allows a
stringent test of the hypothesis of minimal flavor viola-
tion and a good discrimination between various exten-
sions of the Standard Model.
In the absence of an observation, limits on
B(B0s,d → µ+µ−) are complementary to those provided
by high pT experiments. The interplay between both
6
Finally, NB0
(s)
→µ+µ− is the number of observed signal
events. The observed numbers of B+ → J/ψK+, B0s →
J/ψφ and B0 → K+pi− candidates are 340 100 ± 4500,
19 040 ± 160 and 10 120 ± 920, respectively. The three
normalization factors are in agreement within the uncer-
tainties and their weighted average, taking correlations
into account, gives αnormB0s→µ+µ− = (3.19 ± 0.28) × 10
−10
and αnormB0→µ+µ− = (8.38± 0.39)× 10−11.
For each bin in the two-dimensional space formed by
the invariant mass and the BDT we count the number
of candidates observed in the data, and compute the ex-
pected number of signal and background events.
The systematic uncertainties in the background and
signal predictions in each bin are computed by fluctu-
ating the mass and BDT shapes and the normalization
factors along the Gaussian distributions defined by their
associated uncertainties. The inclusion of the systematic
uncertainties increases the B0 → µ+µ− and B0s → µ+µ−
upper limits by less than ∼ 5%.
The results for B0s → µ+µ− and B0 → µ+µ− decays,
integrated over all mass bins in the corresponding signal
region, are summarized in Table I. The distribution of
the invariant mass for BDT>0.5 is shown in Fig. 1 for
B0s → µ+µ− a d B0 → µ+µ− candidates.
FIG. 1. Distribution of selected candidates (black points)
in the (left) B0s → µ+µ− and (right) B0 → µ+µ− mass
window for BDT>0.5, and expectations for, from the top,
B0(s) → µ+µ− SM signal (gray), combinatorial background
(light gray), B0(s) → h+h′− background (black), and cross-
feed of the two modes (dark gray). The hatched area depicts
the uncertainty on the sum of the expected contributions.
The compatibility of the observed distribution of
events with that expected for a given branching frac-
tion hypothesis is computed using the CLs method [15].
The method provides CLs+b, a measure of the com-
patibility of the observed distribution with the signal
plus background hypothesis, CLb, a measure of the
compatibility with the background-only hypothesis, and
CLs = CLs+b/CLb.
The expected and observed CLs values are shown in
Fig. 2 for the B0s → µ+µ− and B0 → µ+µ− channels,
each as a function of the assumed branching fraction.
The expected and measured limits for B0s → µ+µ− and
B0 → µ+µ− at 90 % and 95 % CL are shown in Table II.
The expected limits are computed allowing the presence
of B0(s) → µ+µ− events according to the SM branching
fractions, including cross-feed between the two modes.
The comparison of the distributions of observed
events and expected background events results in a p-
value (1− CLb) of 18 % (60 %) for the B0s → µ+µ−
(B0 → µ+µ−) decay, where the CLb values are those cor-
responding to CLs+b = 0.5.
A simultaneous unbinned likelihood fit to the mass pro-
jections in the eight BDT bins has been performed to
determine the B0s → µ+µ− branching fraction. The sig-
nal fractional yields in BDT bins are constrained to the
BDT fractions calibrated with the B0(s) → h+h′− sam-
ple. The fit gives B(B0s → µ+µ−) = (0.8+1.8−1.3) × 10−9,
where the central value is extracted from the maximum
of the logarithm of the profile likelihood and the uncer-
tainty reflects the interval corresponding to a change of
0.5. Taking the result of the fit as a posterior, with a
positive branching fraction as a flat prior, the probabil-
ity for a measured value to fall between zero and the SM
expectation is 82 %, according to the simulation. The
one-sided 90 %, 95 % CL limits, and the compatibility
with the SM predictions obtained from the likelihood, are
in agreement with the CLs results. The results of a fully
unbinned likelihood fit method are in agreement within
uncorrelated systematic uncertainties. The largest sys-
tematic uncertainty is due to the parametrization of the
combinatorial background BDT.
In summary, a search for the rare decays B0s → µ+µ−
and B0 → µ+µ− has been performed on a data sam-
ple corresponding to an integrated luminosity of 1.0 fb−1.
These results supersede those of our previous publica-
tion [6] and are statistically independent of those ob-
tained from data collected in 2010 [12]. The data are
consistent with both the background-only hypothesis and
the combined background plus SM signal expectation at
the 1σ level. For these modes we set the most stringent
upper limits to date: B(B0s → µ+µ−) < 4.5 × 10−9 and
B(B0 → µ+µ−) < 1.03× 10−9 at 95 % CL.
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into account, gives αnormB0s→µ+µ− = (3.19 ± 0.28) × 10
−10
and αnormB0→µ+µ− = (8.38± 0.39)× 10−11.
For ch bin in the two-dimensi nal spac formed by
the invariant mass and the BDT we count the number
of candidates observed in th data, and compute the ex-
pected number of signal nd backgrou d events.
The systematic uncertainties in the b ckground and
signal pre ictio s in each bin are computed by fluctu-
ating the mass and BDT shapes and the normalization
factors along the Gaussian distributions defined by their
associate c rt ties. The inclusion of the systematic
uncer inties incre s t e B0 → µ+µ− and B0s → µ+µ−
upper limits by less than ∼ 5%.
The results for B0s → µ+µ− and B0 → µ+µ− decays,
integrated over all m s bins in the corresponding signal
regi n, are summarized in Table I. The distribution of
the invariant mass for BDT>0.5 is shown in Fig. 1 for
B0s → µ+µ− and B0 → µ+µ− candidates.
FIG. 1. Distribution of selected candidates (black points)
in the (left) B0s → µ+µ− and (right) B0 → µ+µ− mass
window for BDT>0.5, and expectations for, from the top,
B0(s) → µ+µ− SM signal (gray), com natorial background
(light gray), B0(s) → h+h′− background ( lack), and cross-
feed of the two modes (dark gray). The hatched area depicts
the uncertainty on the sum of the expected contributions.
The compatibility of the observed distribution of
events with that expected for a given branching frac-
tion hypothesis is computed using the CLs method [15].
The method provides CLs+b, a measure of the com-
patibility of the observed distribution with the signal
plus background hypothesis, CLb, a measure of the
compatibility with the background-only hypothesis, and
CLs = CLs+b/CLb.
The expected and observed CLs values are shown in
Fig. 2 for the B0s → µ+µ− and B0 → µ+µ− channels,
each as a function of the assumed branching fraction.
The expected and measured limits for B0s → µ+µ− and
B0 → µ+µ− at 90 % and 95 % CL are shown in Table II.
The expected limits are computed allowing the presence
of B0(s) → µ+µ− events according to the SM branching
fractions, including cross-feed between the two modes.
The comparison of the distributions of observed
events and expected background events results in a p-
value (1− CL ) of 18 % (60 %) for the B0s → µ+µ−
(B0 → µ+µ−) decay, where the CLb values are those cor-
responding to CLs+b = 0.5.
A simultaneous unbinned likelihood fit to the mass pro-
jections in the eight BDT bins h s been performed to
determine the B0s → µ+µ− branching fraction. The sig-
nal fractional yields in BDT bins are constrained to the
BDT fractions calibrated with the B0(s) → + ′− sam-
ple. The fit gives B(B0s → µ+µ−) = (0.8+1.8−1.3) × 10−9,
where the central value is extract d from the aximum
of the logarithm of the profile likelihood and the uncer-
tainty reflects the interval corresponding to a change of
0.5. Taking the result of the fit as a posterior, with a
positive branching fraction s a flat prior, the probabil-
ity for a measured value to fall between zero and the SM
expectation is 82 %, according to the sim lation. T e
one-sided 90 %, 95 % CL limits, and the compatibility
with the SM predictions obtained from the likelihood, are
in agreement with the CLs results. The results of a fully
unbinned likelihood fit method are in agreement within
uncorrelated systematic uncertainti s. The largest sys-
tematic uncertainty is due to the parametriz ion of the
combinatorial background BDT.
In summary, a search for the rare decays B0s → µ+µ−
and B0 → µ+µ− has been performed on a data sa -
ple corresponding to an integr ted luminosity of 1.0 fb−1.
These results supersede those of our previous publica-
tion [6] and are statistically independent of those ob-
tain d from data collected in 2010 [12]. The data are
consistent with both the background-only hypothesis and
the comb ned background plus SM signal expectation at
the 1σ level. For these modes we set the most stringent
upper limits to date: B(B0s → µ+µ−) < 4.5 × 10−9 and
B(B0 → µ+µ−) < 1.03× 10−9 at 95 % CL.
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Figure 4: Distribution of selected signal candidates. Events observed
in LHCb in the B0s channel (top) and the B
0 channel (bottom) for
BDT> 0.5 and expectation for, from top, SM signal (grey), combi-
natorial back round (light grey), B0(s) → h+h′− background (black)
and cross-feed between both modes ( ark grey). The hatched area
depicts the uncertainty on the total background expectation. Figure
reproduced from Ref. [18].
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channels allows the SUSY parameter space to be opti-
mally constrained.
3.2. Searches for an Majorana neutrinos in B decays
A search for Majorana neutrinos with a mass of
O(1 GeV) can be made in lepton number violating
(LNV) B and D meson decays. These indirect searches
are performed by analysing the decay rate of processes
as B+ → pi−µ+µ+ [20, 21]. These same sign di-leptonic
decays can only occur via exchange of heavy Majo-
rana neutrinos. Resonant production may be possible
if the heavy neutrino is kinematically accessible, which
could put the rates of these decays within reach of the
present or future LHCb luminosity. Alternatively, lim-
its on these LNV processes, together with low energy
neutrino data, results in better constraints for neutrino
masses and mixing parameters in models with extended
neutrino sectors.
Using 0.4 fb−1 of integrated luminosity from LHCb,
limits have been set on the branching fraction of
B+ → D−(s)µ+µ+ decays at the level of a few times 10−7
and on B+→ pi−µ+µ+ at the level of 1 × 10−8 [22, 23].
These branching fraction limits imply a limit on the cou-
pling |Vµ4| between νµ and a Majorana neutrino with
a mass in the range 1 < mN < 4 GeV/c2 of |Vµ4|2 <
5 × 10−5.
3.3. Search for lepton flavor violation in τ− → µ+µ−µ−
Lepton flavor violating (LFV) τ− decays are forbid-
den in the classical SM and are vanishing small after
the extension of the SM with neutrino mixing. Many
New Physics models predict enhancements, up to ob-
servable values which are close to the current experi-
mental bounds.
The neutrinoless decay τ− → µ+µ−µ− is a particu-
lar sensitive mode in which to search for LFV at LHCb
as the experimental signature with the three muon final
state is very clean. The inclusive τ− production cross-
section at LHCb is very large, about 80 µb. The com-
position of the τ− production can be calculated from the
bb¯ and cc¯ [24] cross-sections measured at the LHCb ex-
periment and the inclusive branching ratios b → τ and
c → τ [25]. About 80% of the produced τ−–leptons
originate from D−s decays.
LHCb has performed a search for the decay τ− →
µ+µ−µ− using 1.0 fb−1 of data [26]. The upper limit
on the branching fraction was found to be B(τ− →
µ+µ−µ−) < 7.8 (6.3) × 10−8 at 95 % (90 %) C.L, to
be compared with the current best experimental upper
limit from the Belle collaboration: B(τ− → µ+µ−µ−) <
2.1×10−8 at 90 % C.L. As the data sample increases this
limit is expected to scale with the square root of the lu-
minosity, with possible further reduction depending on
improvements in the analysis. The large integrated lu-
minosity that will be collected by the upgraded LHCb
experiment will provide a sensitivity corresponding to
an upper limit of a few times 10−9 [27].
4. Conclusion
Most scenarios of physics beyond the Standard
Model of particle physics predict measurable effects in
the flavor sector, in particular in rare B meson decays.
No sign of physics beyond the Standard Model has yet
been observed and stringent limits on its scale have been
set.
Sensitive probes for NP are the leptonic decays
B0s,d → µ+µ− and the rare electroweak penguin decay
B0 → K∗0µ+µ−. The most recent measurements per-
formed by the LHCb collaboration in these two modes
are in good agreement with SM predictions and set
strong constraints on possible extensions of the SM. The
isospin asymmetry in the decays B→ K(∗)µ+µ− has been
measured by several experiments. These measurements
agree with each other and with SM predictions for the
decays with a K∗0, but there is a significant tension with
respect to expectations for the decays with a kaon. Pre-
cise calculations are needed to interpret this tension.
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